ABSTRACT
INTRODUCTION
Collagen is a ubiquitous extracellular protein in animals, with a wide variety of physiological roles and involvement in pathological processes (Baronas-Lowell et al., 2003) . Unfortunately, neither the complete three-dimensional structure for a triple-helical collagen molecule is available nor is one on the horizon (Berisio et al., 2002) . Therefore, reliable structure prediction is the best recourse. This is not trivial due to the large size of a typical collagen molecule (>3000 amino acids) and its three intertwined polypeptide chains. Fortunately, its helical nature means that the structure contains repetitive, and thus predictable, features along its entire length (Rainey and Goh, 2002) . However, somewhat specialized statistics and software are desirable, if not an absolute requirement, to handle the nuances of predicting a triple-helix versus other types of protein structure.
Using all available high-resolution X-ray structures of short triple-helical peptides, we previously produced a statistical parameterization of the triple-helix (Rainey and Goh, 2002) . Here, we introduce a Tcl/Tk (Ousterhout, 1994) script-the Triple Helical collagen Builder Script, or THe BuScr-to * To whom correspondence should be addressed. allow user-specified production of any triple-helical molecule using our statistically derived conformations. Tcl/Tk is advantageous because it is a free scripting language that can be run on practically any platform, providing ease of use through a graphical interface alongside complete user customizability. This makes the triple-helical parameterization generally accessible, while providing additional functionality to improve predictive capabilities for collagen.
ASSIGNING HELICAL PROPENSITY
The primary sequence of the collagen triple-helix is comprised of repetitive [Gly-X-Y] units, with three such polypeptide chains winding around each other to form a helix. Nature's ideal triple-helix is formed when the X and Y components are proline and 4-hydroxyproline, respectively. However, the typical collagen molecule contains many substitutions at the X and Y positions over its hundreds of Gly-X-Y triplets, potentially drastically affecting local triple-helical stability. Persikov et al. (2000 Persikov et al. ( , 2002 have extensively determined the effects of various X and Y substitutions on triple-helical peptide melting temperatures (T m ), providing a large, consistent, set of thermodynamic data on helical stability.
THe BuScr uses the T m data of Persikov et al. to assign representative local T m values, denoted T * m , arising from all three chains. We have opted to carry out a sliding-window boxcar type average (e.g. Skoog and Leary, 1992 ) similar in goal to that of Bachinger and Davis (1991) . Our algorithm (detailed in the documentation accompanying THe BuScr) weights contributions of surrounding residues to a given T * m by proximity. This leads to identical T * m values for the three residues of each chain falling at the same lengthwise displacement. Goodman et al. (1996) have demonstrated induced formation of stable triple-helices as short as three triplets in length using sugar templates. In a collagen molecule, we would expect surrounding triple-helical residues to induce helicity at least as well as a sugar template. Therefore, THe BuScr (at present) does a fairly localized weighting of up to ∼3 triplets away in both N-and C-terminal directions. T * m is interactively graphed, and can be outputted in text-file format, providing a tool to examine sequence-dependent triple-helical stability.
Current structural data allows for two canonical states for the triple-helix: one 'imino-rich' (IR; i.e. containing many 'ideal' proline and hydroxyproline residues), and one 'aminorich' (AR). Unfortunately, the data do not allow for a lot of insight into more subtle variations in helical conformation that may arise with propensity differences, or into transitions between such regions. Therefore, THe BuScr employs a twostate model with the average T m (T ave m ) of the entire molecule as the default test statistic for T * m when assigning each residue a helicity of either IR (T * m ≥ T ave m ) or AR (T * m < T ave m ). One high resolution PDB entry of a triple-helical molecule containing an AR region has been deposited till date (1BKV; Kramer et al., 1999) . Although the central portion of 1BKV was used to provide the AR parameter set (Rainey and Goh, 2002) , the ability to predict its entire structure, which has flanking N-and C-terminal IR regions, provides an excellent validation of both the helical selection algorithm and the twostate assumption used in THe BuScr. With T ave m as the IR/AR cut-off, an RMSD for backbone and C β atoms of ∼0.62 Å is observed between the prediction and 1BKV (exact details given in the manual). This ties with two neighbouring T m values for the minimum RMSD, and is lower than other nearby T m cut-offs, implying that T ave m is a reasonable choice for a default cut-off, and demonstrating that a two-state model is a good approximation, at least until further data are available, for a heterogeneous triple-helix.
BUILDING THE MOLECULE
The peptide backbone is then built using the appropriate cylindrical polar coordinate statistics to provide relative atom locations, with IR versus AR parameters specified by the T * m assignments, and helical transitions employing required correction factors. Output is provided in PDB file format, or in cylindrical polar coordinates. C β side-chain atoms may also be included, fixed by the data provided in the triple-helical parameterization. Further development of THe BuScr will provide the option to include hydroxyproline side-chain predictions in the Y-positions, since these non-standard residues are not handled with regular rotamer libraries. Alternately, side-chain terminal atom predictions can be carried out directly with THe BuScr, using a statistical library of reduced side-chain representations (Rainey and Goh, 2004) .
USER CUSTOMIZABILITY
(1) Primary sequences and desired triple-helical portions are entered interactively. (2) Additional T m values or entirely alternate scales for helical propensities of Gly-X-Y triplets can be specified with a simple text file. Unnatural amino acids may be readily incorporated using additional one-letter codes.
(3) IR and AR helix-building parameters are fully customizable via text files. Alternate geometries may be specified in cylindrical polar coordinates, as outlined in the documentation accompanying the script. To build helices with more than two conformational states, the vast majority of scripting changes are required in the procedure that selects IR versus AR, not in the subsequent polypeptide building procedure. (4) Minimum lengths for the stretch of helix to be assigned IR versus AR can be specified (i.e. stretches of 1-2 residues can be forced to remain IR, even if there is a local dip in T * m ). The cut-off T m value for IR versus AR can also be specified, to the extreme of having the entire helix assigned one conformation or the other.
